There is growing public pressure to minimize the use of vertebrates in ecotoxicity testing; therefore, effective alternatives to toxicity tests causing suffering are being sought. This report discusses alternatives and differs in some respects from the reports of the other three groups because the primary concern is with harmful effects of chemicals at the level of population and above rather than with harmful effects upon individuals. 
procedures. When vertebrates are used, the numbers and the suffering involved should be decreased as far as possible without affecting the validity of the testing.
Three major thrusts towards alternative testing are considered here. * The use of lower organism as surrogates for vertebrates in toxicity testing (1, 2) . This concept is considered in the sections on "Present Testing Requirements" and "Alternative Methods Already Developed." A detailed discussion of the correlation of toxicity testing between fish and bacteria is considered in detail by Kaiser (3) . * Nondestructive techniques in vertebrate testing such as the use of blood, skin, or excreta, quantitative structure-activity relationships (QSARs), and the development of cell cultures. These concepts are considered in the sections on "Alternative Methods Already Developed" and "Future Developments." * Methodologies that indicate environmental health (for example, the River Invertebrate Prediction and Classification System [RIVPACS] and the use of biomarkers in field studies) can indicate whether testing is necessary. This concept is discussed in the section on "Methodology to Assess Environmental Health (Quality) to Establish Whether Testing Is Needed." The strategies of using biomarkers are considered in more detail by Walker (4) . In general, ecotoxicologists are concerned more with the health of populations and communities rather than that of the individual; therefore, the thrust of this section differs from other joint reports in SCOMSEC 13 . The complexity of the task is enormous because there are literally millions of species and all these species interact with other species. The selection of sentinel species is considered in detail by Sheffield and Kendall (2) . The complexity increases as we move from vertebrates (numbered in thousands of species), which in the past have largely been the sentinel species of choice, to invertebrates (numbered in millions). The use of invertebrates in alternative testings of environmental chemicals is discussed by Lagadic and Caquet (1) . The (Table 1) . Furthermore, most countries use data from microcosms if available, and some request testing with microcosms, mesocosms, and field experiments on a case-by-case basis.
Requirements in terrestrial testing include birds and other wildlife species (6), honey bees, and mammals in most countries; some countries require testing on soil microorganisms, earthworms, plants, other soil organisms, and beneficial arthropods ( Table 2) . Table 1 . Acute aquatic toxicity information required for commercial products and/or metabolites. Less advanced are terrestrial systems, but studies on soils using macro invertebrates are currently being developed.
Acute effects
As no environment can now be considered pristine we consider that one of the most critical aspects of ecotoxicology is the determination of whether the health of the system is acceptable so that resources can be allocated for additional studies and remedial action as required. (11) .
The most frequently used vertebrates in ecotoxicity testing for legal purposes are fish. Acute toxicity to fish is required in the (21) . Various experiments have shown that this assay can be used as a teratogen screen; in mechanistic studies of abnormal development, it can be used to investigate gene involvement in teratogenic resistance, and the possible role of heat-shock proteins in preventing birth defects (21) (22) (23) (24) .
Two of the proposed developmental toxicity prescreen assay systems based on invertebrates use the coelenterate Hydra attenuata. The regeneration assay using body segments appears to be ineffective for the prescreening of chemicals for selective developmental toxicity hazard-potential; however, the use of the artificial embryo in the Hydra developmental toxicity assay agrees with published vertebrate studies (25) (26) (27) (28) (29) (30) .
Recently, the micronucleus test has been performed on marine mollusks to evaluate genotoxic effects of pollutants released in the marine environment (31 
Stucture-Activity Relationships
The principle of QSAR is highly applied in the field of development of bioactive compounds, particularly in the agricultural and pharmaceutical fields. There are two major aspects: one is the identification of new basic structures, the other is the optimization of the particular effect devised for the new substance. In ecotoxicology, QSAR is used to estimate potential effects of existing chemicals on certain organisms or end points. For the majority of such, there is no a priori knowledge of which organism/genera is most sensitive, the mode of action, distribution/partitioning within the ecosystem, metabolic breakdown products, and so forth.
Partitioning within Ecosystems. Much progress has been achieved by using physico-chemical parameters, notably measures of lipophilicity (i.e., the octanol/water partition coefficient and volatility from aqueous solutions, vapor pressure, Henry coefficient) to Co-mments regarding Data Quality. A note should be made in regard to data quality. In the development of new pesticides, and drugs, the QSAR analysis can normally rely on experimental data for which the mean variation may be 0.1 to 0.2 log units. In the aquatic field, particularly for interspecies comparisons, the data quality would frequently be much less, particularly where static tests (Daphnia, algae, fish) are used vis-a-vis flow-through tests (96-hr fathead minnow, rainbow trout). In most cases, concentrations are nominal and the effects of volatilization, degradation, and absorption in static systems are not quantified. For interspecies comparisons of ionizing substances, pH control/knowledge is also of major importance but often not available. In combination, these variations can lead to apparent discrepancies and differences in sensitivities that in reality are based on experimental conditions rather than on inherent differences in species sensitivity. Mesocosms The value of mesocosms is mainly based on the combination of ecological realism, achieved by introduction of the basic components of natural ecosystems, and facilitated access to a number of physicochemical, biological, and toxicological parameters that can be controlled to some extent. Mesocosm structure and use have been described in detail in recent publications (46, 47) . Aquatic mesocosms are sometimes required for the registration of new chemicals, especially pesticides (48) (49) (50) . Readers can refer to recent guidelines proposed by the OECD (51) and the U.S. Environmental Protection Agency (U.S. EPA) (52) for the use of aquatic mescosms for regulatory purposes.
Chemical testing in mescosms is more realistic than laboratory tests and easier than field assessment of chemical effects. Therefore, mescosms are often considered an experimental situation between laboratory testing and field evaluation. In this respect the more suitable approach for using mescosms in ecotoxicological risk assessment consists in a couplage with standardized laboratory tests.
In such a context, how does ecotoxicity testing in mescosms meet the essential concern of alternative methodologies summarized by the Russell and Burch's 3Rs (53) .
Refinement: Certainly, the use of mescosms refines the classical methods of ecotoxicological risk assessment as they provide conditions for a better understanding of environmentally relevant effects of chemicals. Indeed, mescosms provide a more realistic approach for the evaluation of effects of chemicals at many different levels of organization (from the molecule to the population and community), for different types of organisms, from bacteria to invertebrates and lower vertebrates. They also appear to be potent tools for predicting changes at the highest levels of organization (population, community, and ecosystem) from measurements of individual end points.
Replacement: Ecotoxicological investigations in mescosms do not entirely replace the use of animals. However, they allow the tests to be performed on species that are not of major societal concern, but which play key roles in the structure and functioning of ecosystems. For example, investigations of chemical effects in freshwater mesocosms have largely used invertebrate species because of their importance in aquatic food webs (1) .
Reduction: To some extent, investigations of ecotoxicological effects in mesocosms can dramatically reduce the need for animals when, in a particular test, ecosystem-relevant functional end points can be measured. Among those end points, plankton respiration, phytoplankton photosynthesis, concentrations of chlorophyll a, dissolved oxygen or nitrogen, and ammonium are the most commonly measured in aquatic ecosystems.
The need for using animals in ecotoxicity testing in mesocosms clearly depends on the end points that must be assessed. In this respect, mesocosms allow nondestructive measurements of integrated end points (endpoints at high levels of organization or functional end points). Chemical tests in mesocosms should therefore be designed to reduce or even replace the use of vertebrates, or to reduce the amount of suffering of vertebrates by measuring nondestructive parameters.
Community/Ecosystem Studies
The study of the exposure and effects of environmental contaminants at the community and ecosystem levels of ecological organization is critical to our understanding of overall environmental health and potential impacts on plant and animal species as well as humans. These impacts can be direct effects or can be more subtle indirect effects, whereby structural or functional components of the ecosystem are altered, leading to subsequent impacts on other interrelated components. Community and ecosystem studies fall into two distinct categories: a) monitoring of communities and ecosystems, and b) controlled experimentation. Monitoring communities and ecosystems can include such types of studies as food chain/food web studies, structural and functional analyses, and indices of biotic integrity (e.g., IBI's in the United States, RIVPAC's in the United Kingdom).
Food chain/food web studies are efficient methods of exploring exposure and effects of environmental contaminants in the environment. Partial or complete food chains, such as the zooplankton-fish-hawk food chain, have been examined for assessment of bioaccumulation and effects of environmental contaminants. Effects from food chain/food web studies can be assessed through use of a biomarker strategy (4) . Again, a vast majority of these studies have been conducted in aquatic systems. Structural analyses of communities and ecosystems have been completed investigating such ecological parameters as species richness and abundance, comparative mean densities, and presence or absence of certain indicator (sensitive or tolerant/resistant) species. Functional analyses of communities and ecosystems include the examination of niche metrics (e.g., niche breadth, width), presence or absence of certain functional niches (e.g., decomposers, carnivores), and critical ecosystem functions, such as decomposition, energy flow, nutrient cycling, succession To date, little ecosystem functional analysis has been completed. Indices of biotic integrity are a special subset of structural and functional analysis and are quantitative indices of community and ecosystem structural and functional attributes that potentially can be used in a regulatory framework for environmental health. These indices have been used exclusively in aquatic environments; work on indices of biotic integrity in terrestrial environments is badly needed. Controlled experimentation studies of community and ecosystem structure or function involve the use of microcosms, mesocosms, and other similar experimental designs. These experimental systems allow control of certain parameters Environmental Health Perspectives * Vol 106, Supplement 2 * April 1998 (e.g., selection and densities of test species, movements of and predation on test species) and simultaneous evaluation of multiple ecological levels that can be crucial to a better understanding of exposure and effects at all levels of ecological organization from the individual to the ecosystem.
Future Developments Selection ofSpecies. Problems ofExtrapolation between Species
In selecting species for testing in the context of environmental risk assessment, there is the problem of choosing just a few surrogates for the extremely large number of species exposed to pollutants in the natural environment. There are very large differences between species in susceptibility to chemicals that must be considered. For this reason large safety factors are used when estimating environmental toxicity from laboratory toxicity data during the course of environmental risk assessment. A general increase in the number and range of test species will provide no practical solution to this dilemma. With the growth of knowledge and new technologies (see later discussion), it is expected that there will also be some changes in species, strains, and development stages used in testing procedures. These will represent more appropriate choices for particular chemicals than certain species used in present testing procedures. Such changes can also benefit our current interest in alternative methods that will follow the principles defined by the 3 R's. One change we may expect is the use of transvected organisms that can be tested for particular mechanisms of toxic action, as these become available with advances in biochemical toxicology. Also, a more ecological approach will draw attention to particular life stages that may be especially vulnerable to the effects of specific pollutants. There is continuing concern over the differences in susceptibility between wild species and laboratory strains, even when they are of the same, or closely related species (54 (59, 60) . This is not the case for fish or mammal species traditionally used in biomonitoring programs. Recent studies of the effect of endocrine disruptors on aquatic invertebrates have provided evidence to support the existence of causal links between organismal responses and changes at population or community levels (1) . Mechanistic linkage between effects at different levels of biological organization has also been achieved using the freshwater amphipod Gammarus pulex in which changes in physiological energetics have been linked to community function that may be indicative for changes in community structure (60) .
Ecological End Points
In ecotoxicology, the ultimate concern is with effects at the level of population community and ecosystems. The difficulty of extrapolating from toxic effects upon individuals to effects at these higher levels of organization has already been stressed. There is, however, the possibility of taking a topdown approach, seeking to measure effects at these higher levels of organization, as in the case of effects upon ecosystem function previously described. Other effects that may receive more attention are upon population dynamics and population genetics.
Population Dynamics 
